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Abstract 28 
Although dominance perceptions are thought to be important for effective 29 
social interaction, their primary function is unclear. One possibility is that they 30 
simply function to identify individuals who are capable of inflicting substantial 31 
physical harm, so that the perceiver can respond to them in ways that 32 
maximize their own physical safety. Another possibility is that they are more 33 
specialized, functioning primarily to facilitate effective direct (i.e., violent) 34 
intrasexual competition for mates, particularly among men. Here we used a 35 
priming paradigm to investigate these two possibilities. Facial cues of 36 
dominance were more salient to women after they had been primed with 37 
images of angry men, a manipulation known to activate particularly strong 38 
self-protection motivations, than after they had been primed with images of 39 
angry women or smiling individuals of either sex. By contrast, dominance 40 
cues were more salient to men after they had been primed with images of 41 
women than when they had been primed with images of men (regardless of 42 
the emotional expressions displayed), a manipulation previously shown to 43 
alter men’s impressions of the sex ratio of the local population. Thus, men’s 44 
dominance perceptions appear to be specialized for effective direct 45 
competition for mates, while women’s dominance perceptions may function to 46 
maximize their physical safety more generally. Together, our results suggest 47 
that men’s and women’s dominance perceptions show different patterns of 48 
context-sensitivity and, potentially, shed new light on the routes through which 49 
violence and intrasexual competition have shaped dominance perceptions. 50 
51 
 3 
Introduction 52 
Dominance perceptions are fundamental to human social interaction (e.g., 53 
Oosterhof & Todorov, 2008; Puts, 2010). However, although previous 54 
research suggests that people from different cultures (e.g., Keating et al., 55 
1981; Perrett et al., 1998; Undurraga et al., 2010) and people of diverse ages 56 
(e.g., Keating & Bai, 1986) judge others’ dominance in similar ways, the 57 
specific function of dominance perceptions is still poorly understood. Some 58 
researchers have suggested that dominance perceptions simply function to 59 
identify individuals who are capable of inflicting substantial physical harm, so 60 
that the perceiver can respond to them in ways that maximize their own 61 
physical safety (e.g., by avoiding them, Oosterhof & Todorov, 2008). 62 
Alternatively, dominance perceptions may be more specialized, functioning 63 
primarily to facilitate effective direct (i.e., violent) intrasexual competition for 64 
mates, particularly among men (Puts, 2010). Because distinguishing between 65 
these two proposals could provide important insight into the routes through 66 
which physical violence and intrasexual competition for mates have shaped 67 
the visuo-cognitive processes that support social interactions, the current 68 
research tested these two suggestions about the primary function of 69 
dominance perceptions. 70 
 71 
Self-protection motivations are hypothesized to moderate aspects of social 72 
cognition and perception that have implications for survival (e.g., Kenrick et 73 
al., 2010). For example, people are particularly quick to classify angry 74 
expressions in face images, especially when the angry expressions are 75 
presented in the context of male faces (Becker et al., 2007). These findings 76 
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suggest that viewing images of angry faces, and of angry men in particular, 77 
activates self-protection motivations (Kenrick et al., 2010; see also Ackerman 78 
et al., 2006). If dominance perceptions function primarily to identify individuals 79 
capable of inflicting physical harm, as some researchers have suggested 80 
(e.g., Oosterhof & Todorov, 2008), then activating self-protection motivations 81 
should increase the salience of dominance cues. Thus, priming participants 82 
with angry male faces should increase the extent to which participants ascribe 83 
dominance to individuals displaying cues associated with physical dominance 84 
more than would priming participants with images of angry female faces or 85 
smiling faces of either sex. Additionally, this effect of priming participants with 86 
angry male, but not angry female, faces could be sex-specific in other ways. 87 
For example, activating self-protection motivations may have greater effects 88 
on the cognitions and perceptions of individuals who are less well equipped 89 
(or perceive themselves to be less well equipped) to defend themselves 90 
physically (e.g., Fox et al., 2001; Kenrick et al., 2010). Given sex differences 91 
in both physical strength and aggression (see, e.g., Archer, 2009; Sell et al., 92 
2009), activating self-protection motivations may have a greater effect on 93 
women’s perceptions of others’ dominance than it will on men’s perceptions of 94 
others’ dominance. 95 
 96 
While testing the effect of activating self-protection motivations on the 97 
salience of dominance cues would test for evidence that dominance 98 
perceptions simply function to identify individuals capable of inflicting physical 99 
harm, other types of primes could be used to test the proposal that dominance 100 
perceptions serve a more specialized purpose and function primarily to 101 
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minimize the potential costs of direct intrasexual competition for mates, 102 
particularly among men (see, e.g., Puts, 2010). Although competition among 103 
men tends to be increased in societies with a greater proportion of men than 104 
women (i.e., societies with male-biased sex ratios), this competition is 105 
generally indirect (i.e., non-violent) and focused on gaining access to 106 
economic resources (e.g., Barber, 2009; Del Giudice, 2012). Indeed, 107 
Griskevicius et al. (2012) recently showed that priming men with cues to a 108 
male-biased sex ratio increased the extent to which men were willing to 109 
sacrifice larger financial gains in the future for smaller, immediate gains (i.e., 110 
the extent to which they seek immediate access to economic resources). By 111 
contrast, in societies with female-biased sex ratios, relationship commitment 112 
tends to be relatively low and sexual promiscuity relatively common (Barber, 113 
2000, 2009, 2011; Schmitt, 2005), which increases direct (i.e., violent) 114 
competition for mates among men, at least in modern societies (Barber, 2011; 115 
Del Giudice, 2012). Indeed, this may explain why rates of violent crime tend to 116 
be higher in countries with more female-biased sex ratios (Barber, 2000, 117 
2009, 2011).  118 
 119 
Several recent studies have shown that watching slideshows consisting 120 
primarily of either images of men or images of women alters behavioral 121 
responses, such as attractiveness judgments or financial decisions, in ways 122 
that suggest participants use their recent visual experience to gauge the sex 123 
ratio of the local population (Griskevicius et al., 2012; Watkins et al., 2012a). 124 
These findings demonstrate that priming paradigms can be used to explore 125 
the effects of cues to the sex ratio of the local population on aspects of social 126 
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behavior and perception (Griskevicius et al., 2012; Watkins et al., 2012a). 127 
Thus, if dominance perceptions primarily function to minimize the potential 128 
costs of direct competition for mates among men (e.g., Puts, 2010), cues of 129 
others’ dominance may be more salient to men in environments with a 130 
female-biased sex ratio (i.e., after they have been primed with a slideshow of 131 
images of women’s faces) than in environments with a male-biased sex ratio 132 
(i.e., after they have been primed with a slideshow of images of men’s faces). 133 
This effect could be specific to judgments of men’s dominance or could occur 134 
for judgments of others’ dominance more generally. For example, while some 135 
aspects of men’s facultative responses to facial cues of dominance appear to 136 
be specific to judgments of other men’s dominance (Watkins et al., 2010a), 137 
other studies suggest that men are also sensitive to cues of dominance of 138 
women (e.g., Perrett et al., 1998; Sell et al., 2009).  139 
 140 
While the prediction that cues of others’ dominance will be more salient to 141 
men in environments with a female-biased sex ratio may initially seem to be 142 
somewhat at odds with Griskevicius et al’s (2012) finding that priming men 143 
with cues to a male-biased sex ratio increased the extent to which men 144 
favored smaller, immediate gains over larger gains in the future, Griskevicius 145 
et al’s (2012) finding presumably reflects the well-established correlation 146 
between male-biased sex ratios and indirect (i.e., non-violent) competition 147 
(Barber, 2009; Del Giudice, 2012). By contrast, our prediction that priming 148 
men with cues that there is a greater proportion of women than men in the 149 
local population will increase the extent to which dominance cues are salient 150 
is based on the reported positive correlations between female-biased sex 151 
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ratios and measures of the intensity of direct (i.e., violent) competition 152 
(Barber, 2000, 2009, 2011).  153 
 154 
To test the predictions described above, we investigated the effects of priming 155 
with images of angry men, smiling men, angry women, or smiling women on 156 
men’s and women’s perceptions of others’ dominance. So that we could 157 
assess the effects of these different types of primes on the salience of cues of 158 
physical dominance (i.e., the extent to which participants perceived physically 159 
dominant individuals to be more dominant than less physically dominant 160 
individuals, Watkins & Jones, 2012), we assessed participants’ perceptions of 161 
the dominance of masculinized versus feminized versions of men’s and 162 
women’s faces. We chose this image manipulation (masculinized versus 163 
feminized) because many recent studies have demonstrated that masculine 164 
characteristics are positively correlated with measures of actual physical 165 
dominance, such as strength and aggression (e.g., Fink et al., 2007; 166 
Windhager et al., 2011; Puts et al., 2011), and because masculinized versions 167 
of faces are reliably perceived to be more dominant than feminized versions 168 
(Jones et al., 2010; Perrett et al., 1998; Watkins et al., 2010a).  169 
 170 
Methods 171 
Participants 172 
One hundred women (mean age=20.95 years, SD=3.13 years) and 100 men 173 
(mean age=22.49 years, SD=3.58 years) completed the experiment online. 174 
Participants were recruited from links on social bookmarking websites, such 175 
as www.stumbleupon.com. Previous research on perceptions of facial 176 
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dominance has demonstrated that laboratory and online studies produce 177 
equivalent results (Senior et al., 1999a, 1999b; see also Watkins et al., 2010a, 178 
2010b). 179 
 180 
Face stimuli 181 
The methods we used to manufacture stimuli to assess perceptions of the 182 
dominance of masculinized versus feminized versions of men’s and women’s 183 
faces have been used in many previous studies of dominance perceptions 184 
(e.g., DeBruine et al., 2006; Perrett et al., 1998; Watkins & Jones, 2012). 185 
Manipulating sexually dimorphic shape cues in face images using these 186 
methods has been shown to alter perceptions of men’s and women’s facial 187 
dominance in the predicted manner (e.g., DeBruine et al., 2006; Watkins et 188 
al., 2010a, 2012b). Moreover, responses to masculinity stimuli manufactured 189 
using these methods are very similar to responses to facial masculinity stimuli 190 
that were manufactured using other methods (e.g., DeBruine et al., 2006, 191 
2010).  192 
 193 
First, we manufactured a male prototype (i.e., average) face by using 194 
specialist software (Tiddeman et al., 2001) to average the shape, color, and 195 
texture information from images of 50 young white men’s faces. A female 196 
prototype face was also manufactured in this way by averaging the shape, 197 
color, and texture information from images of 50 young white women’s faces. 198 
The 100 individual face photographs (50 male and 50 female) were taken 199 
under standardized lighting conditions and against a constant background. 200 
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Individuals posed for these photographs with neutral expressions and direct 201 
gaze.  202 
 203 
Next, we randomly selected 10 male and 10 female images from the set of 204 
100 face images. We created a masculinized and a feminized version of each 205 
of the 10 individual male and 10 individual female images by adding or 206 
subtracting 50% of the linear (i.e., vector) differences in 2D shape between 207 
symmetrized versions of the male and female prototypes to (or from) each 208 
individual image. This process created 20 pairs of face images in total (10 209 
male pairs and 10 female pairs), with each pair consisting of a masculinized 210 
and a feminized version of one of the individual face images. Examples of 211 
these stimuli are shown in Figure 1. Note that our masculinized and feminized 212 
versions of faces differed in sexually dimorphic shape characteristics only 213 
(i.e., were matched in other regards, such as identity, color, texture, Tiddeman 214 
et al., 2001). 215 
 216 
INSERT FIGURE 1 AROUND HERE 217 
 218 
Manipulation check 219 
We conducted an initial pilot study to check that the masculinized and 220 
feminized versions of faces differed reliably in perceived masculinity. In this 221 
pilot study, the 20 pairs of face images (each pair consisting of a masculinized 222 
and feminized version of the same face) were presented to 52 women and 21 223 
men (mean age=24.55 years, SD=8.73 years), who were instructed to 224 
indicate which face in each pair looked more masculine. Pairs of faces were 225 
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presented in a fully randomized order and the side of the screen on which a 226 
given image was shown was also randomized. One-sample t-tests were used 227 
to compare the proportion of trials on which participants correctly identified the 228 
masculinized face with what would be expected by chance alone (i.e., 0.5). 229 
These analyses confirmed that the masculinized versions of faces were 230 
perceived to be more masculine than feminized versions of faces when 231 
judging men’s (t(72)=23.13, p<.001, d=2.71, M=.90, SEM=.02) and women’s 232 
(t(72)=24.72, p<.001, d=2.89, M=.91, SEM=.01) masculinity. Corresponding 233 
by-items analyses, in which face pairs, rather than participants, served as the 234 
primary unit of analysis, showed the same pattern of results (men’s faces: 235 
t(9)=24.79, p<.001, d=7.77, M=.90, SEM=.02; women’s faces: t(9)=32.11, 236 
p<.001, d=10.20, M=.91, SEM=.01). These results are consistent with prior 237 
work showing that manipulating sexually dimorphic shape cues in face images 238 
using these methods alters perceptions of men’s and women’s facial 239 
masculinity (e.g., DeBruine et al., 2006; Welling et al., 2007, 2008). 240 
 241 
A second pilot study was also conducted, in which 125 participants (64 242 
women and 61 men, mean age=21.96 years, SD=3.08 years) were instructed 243 
to indicate which face in each pair looked more dominant, rather than 244 
masculine. By-subjects analyses confirmed that the masculinized versions of 245 
faces were perceived to be more dominant than feminized versions of faces 246 
when judging men’s (t(124)=17.93, p<.001, d=1.60, M=.81, SEM=.02) and 247 
women’s (t(124)=3.69, p<.001, d=0.33, M=.60, SEM=.03) dominance. 248 
Corresponding by-items analyses also showed this pattern of results (men’s 249 
faces: t(9)=17.21, p<.001, d=5.42, M=.81, SEM=.02; women’s faces: 250 
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t(9)=8.02, p<.001, d=2.50, M=.60, SEM=.01). These results are consistent 251 
with prior work showing that masculinizing shape cues in face images using 252 
these methods alters perceptions of men’s and women’s dominance (e.g., 253 
DeBruine et al., 2006; Jones et al., 2010; Perrett et al., 1998; Watkins et al., 254 
2010a). 255 
 256 
Procedure 257 
The main experiment consisted of three parts; an initial pre-priming 258 
dominance perception test, a priming phase in which participants watched a 259 
slideshow of male or female face images displaying either angry or smiling 260 
expressions, and a post-priming dominance perception test. 261 
 262 
In the pre-priming dominance perception test, each of the 200 participants 263 
were shown the 20 pairs of face images (10 male pairs and 10 female pairs, 264 
each pair consisting of a masculinized and feminized version of the same 265 
face) and were instructed to indicate which face in each pair looked more 266 
dominant. Trial order and the side of the screen on which any given image 267 
was presented were fully randomized. The purpose of this pre-priming test 268 
was to obtain a baseline estimate of participants’ dominance perceptions, so 269 
that we could control for the possible effects of pre-existing individual 270 
differences in dominance judgments (e.g., Watkins et al., 2010b, 2012b). 271 
 272 
Immediately after completing the pre-priming test, each participant watched a 273 
slideshow of images depicting either 30 angry male faces, 30 angry female 274 
faces, 30 smiling male faces, or 30 smiling female faces. These angry and 275 
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smiling faces were obtained from the Karolinska Directed Emotional Faces 276 
(KDEF) image set (Lundqvist & Litton, 1998). In the slideshows, each of the 277 
30 faces shown was presented onscreen for 2 seconds (i.e., each slideshow 278 
lasted 60 seconds in total) and the order in which the images were presented 279 
was fully randomized. Following previous work that used similar slideshows to 280 
manipulate cues to the nature of the local population (e.g., Jones et al., 2007; 281 
Watkins et al., 2012a), participants were simply instructed to watch the 282 
images closely. The 100 women and 100 men who took part in the 283 
experiment were randomly allocated to one of the four slideshows. Previous 284 
work has successfully shown images of faces displaying emotional 285 
expressions to experimentally manipulate participants’ motivations (e.g., 286 
Ackerman et al., 2006; Becker et al., 2007), while other work has successfully 287 
shown images of either male or female faces in order to experimentally 288 
manipulate cues to the sex ratio of the local population (Griskevicius et al., 289 
2012; Watkins et al., 2012a). 290 
 291 
Immediately after viewing the slideshow (i.e., immediately after completing the 292 
priming phase of the experiment), participants completed a post-priming 293 
dominance perception test that was identical to the pre-priming test. 294 
 295 
Results 296 
For each participant, we calculated the proportion of trials on which they 297 
chose masculinized faces as more dominant than feminized faces when 298 
judging men’s faces in the pre-priming test, women’s faces in the pre-priming 299 
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test, men’s faces in the post-priming test, and women’s faces in the post-300 
priming test. These scores are summarized in Table 1. 301 
 302 
INSERT TABLE 1 AROUND HERE 303 
 304 
Consistent with prior work (e.g., Perrett et al., 1998; Watkins et al., 2010a), 305 
one-sample t-tests comparing the pre-priming test scores with what would be 306 
expected by chance alone (i.e., 0.5) showed that participants generally 307 
perceived masculinized faces to be more dominant than feminized faces at 308 
the start of the experiment when judging both men’s faces (t(199)=27.93, 309 
p<.001, d=1.98, M=.86, SEM=.01) and women’s faces (t(199)=2.81, p=.005, 310 
d=0.20, M=.57, SEM=.02). Also consistent with prior work (e.g., Watkins et 311 
al., 2010a), this effect of facial masculinity on dominance perceptions in the 312 
pre-priming tests was significantly greater for judgments of men’s dominance 313 
than women’s dominance (t(199)=13.56, p<.001, d=0.96). Repeating these 314 
analyses using Wilcoxon signed ranks tests in place of t-tests showed the 315 
same pattern of significant results. 316 
 317 
Next, scores on the dominance perception test were analyzed using a mixed 318 
design ANOVA with the within-subjects factors sex of face judged (male, 319 
female) and test phase (pre-priming, post-priming) and the between-subjects 320 
factors priming emotion (angry, smiling), priming sex (male, female), and 321 
participant sex (male, female). This analysis revealed a significant main effect 322 
of sex of face judged (F(1,192)=172.89, p<.001, partial eta2=.47), which 323 
reflected the general tendency to attribute dominance to masculinized faces 324 
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more often when judging men’s faces (M=.86, SEM=.01) than when judging 325 
women’s faces (M=.57, SEM=.02). There was also a significant three-way 326 
interaction among test phase, priming sex, and participant sex 327 
(F(1,192)=6.89, p=.009, partial eta2=.04), which was qualified by the predicted 328 
significant four-way interaction among test phase, priming emotion, priming 329 
sex, and participant sex (F(1,192)=5.79, p=.017, partial eta2=.03). No other 330 
effects were significant or approached significance (all F<1.30, all p>.25, all 331 
partial eta2<.01), except for a five-way interaction among test phase, sex of 332 
face judged, priming emotion, priming sex, and participant sex that 333 
approached significance (F(1,192)=3.91, p=.050, partial eta2=.02). Since we 334 
had no specific a priori prediction about the effects of sex of face judged, we 335 
did not explore the possible five-way interaction further in our main analyses. 336 
Indeed, Stevens (2007) recommends against exploring very high order 337 
interactions unless they were a strong a priori prediction. We note here, 338 
however, that repeating the ANOVAs we conducted to interpret the four-way 339 
interaction among test phase, priming emotion, priming sex, and participant 340 
sex with sex of face judged included as an additional within-subjects factor did 341 
not alter our findings or reveal any effects of (or interactions involving) sex of 342 
face judged (see additional analyses below). The five-way interaction 343 
reflected the priming effect that was observed for male participants tending to 344 
be greater for judgments of men’s than women’s faces (although not 345 
significantly so). 346 
 347 
To interpret the significant four-way interaction among test phase, priming 348 
emotion, priming sex, and participant sex we conducted separate ANOVAs for 349 
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male and female participants with the within-subjects factor test phase (pre-350 
priming, post-priming) and the between-subjects factors priming emotion 351 
(angry, smiling) and priming sex (male, female). Scores on the dominance 352 
perception tests were collapsed across the factor sex of face judged for these 353 
analyses. 354 
 355 
The analysis for female participants revealed a significant three-way 356 
interaction among test phase, priming emotion, and priming sex 357 
(F(1,96)=5.94, p=.017, partial eta2=.06, Figure 2) and no other significant 358 
effects (all F<2.35, all p>.13, all partial eta2<.025). For women allocated to the 359 
angry priming emotion conditions, there was a significant interaction between 360 
the effects of test phase and priming sex (F(1,48)=6.77, p=.012, partial 361 
eta2=.12); women who were primed with angry male images (t(24)=2.30, 362 
p=.030, d=0.46), but not those who were primed with angry female images 363 
(t(24)=-1.68, p=.107, d=0.33), significantly increased the proportion of trials on 364 
which they chose masculinized faces as more dominant between the pre-365 
priming and post-priming tests. For women allocated to the smiling priming 366 
emotion conditions, there were no significant effects of test phase or priming 367 
sex and the interaction between these variables was not significant (all 368 
F<0.50, all p>.48, all partial eta2<.010). Moreover, neither women who were 369 
primed with smiling male images (t(24)=-0.41, p=.69, d=0.08) nor women who 370 
were primed with smiling female images (t(24)=0.59, p=.56, d=0.12) 371 
significantly increased the proportion of trials on which they chose 372 
masculinized faces as more dominant between the pre-priming and post-373 
priming tests. Together, these analyses show that the salience of facial cues 374 
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of dominance was increased in women primed with angry male faces, but not 375 
in women who were allocated to the other priming conditions. Repeating the 376 
initial ANOVA for female participants with sex of face judged included as an 377 
additional within-subjects factor did not alter the pattern of significant results 378 
or reveal any interactions involving sex of face judged (all F<1.15, all p>.28, 379 
all partial eta2<.013). Repeating the paired-samples analyses using Wilcoxon 380 
signed ranks tests in place of t-tests showed the same pattern of significant 381 
results. 382 
 383 
INSERT FIGURE 2 AROUND HERE 384 
 385 
The analysis for male participants revealed a significant two-way interaction 386 
between test phase and priming sex (F(1,96)=4.84, p=.030, partial eta2=.05, 387 
Figure 3) and no other significant effects (all F<0.90, all p>.34, all partial 388 
eta2<.010). Men allocated to the female priming sex conditions tended to 389 
increase the proportion of trials on which they chose masculinized faces as 390 
the more dominant between the pre-priming and post-priming tests 391 
(t(49)=1.53, p=.13, d=.22), while men allocated to the male priming sex 392 
conditions tended to decrease the proportion of trials on which they chose 393 
masculinized faces as the more dominant between the pre-priming and post-394 
priming tests (t(49)=-1.66, p=.10, d=.24). Wilcoxon signed ranks tests also 395 
showed this pattern of results. Note that, although neither of the individual 396 
changes between the pre-priming and post-priming tests was actually 397 
significant, these analyses of men’s responses confirm that the effects of 398 
priming men with images of women’s or men’s faces were significantly 399 
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different from each other and occurred regardless of the emotional 400 
expressions displayed by the priming images. Repeating the initial ANOVA for 401 
male participants with sex of face judged included as an additional within-402 
subjects factor did not alter the pattern of significant results or reveal any 403 
three- or four-way interactions involving sex of face judged (all F<3.0, all 404 
p>.08, all partial eta2<.03).  405 
 406 
INSERT FIGURE 3 AROUND HERE 407 
 408 
Discussion 409 
The proportion of trials on which women judged masculinized versions of 410 
faces to be more dominant than feminized versions was increased after 411 
viewing a slideshow of images of angry men, but not after viewing slideshows 412 
of angry women or smiling faces of either sex. Since previous work has 413 
shown that viewing images of angry men increases self-protection motivations 414 
(Ackerman et al., 2006; Becker et al., 2007), these findings support the 415 
proposal that dominance perceptions simply function to identify individuals 416 
who are capable of inflicting substantial physical harm so that the perceiver 417 
can respond to them in ways that maximize their own physical safety 418 
(Oosterhof & Todorov, 2008), at least in women.  419 
 420 
By contrast with our findings for women’s dominance perceptions, men’s 421 
dominance perceptions were modulated by the sex of the faces they were 422 
exposed to during the priming phase, regardless of the emotional expression 423 
those faces displayed; the proportion of trials on which men chose 424 
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masculinized faces as more dominant tended to be increased after viewing 425 
images of women’s faces, but tended to be decreased after viewing images of 426 
men’s faces. Thus, although the changes in perception between the pre-427 
priming and post-priming tests were not significant in either the male or 428 
female priming sex conditions (p=.10 and p=.13, respectively), these changes 429 
were significantly different from one another, demonstrating that priming sex 430 
had the predicted effect on men’s dominance perceptions. More female 431 
biased-sex ratios are associated with increased direct (i.e., violent) 432 
competition for resources (Barber, 2011; Del Giudice, 2012), potentially 433 
because female biased-sex ratios are correlated with lower relationship 434 
commitment and greater sexual promiscuity (Barber, 2000, 2009, 2011; 435 
Schmitt, 2005). Furthermore, viewing female-biased or male-biased 436 
slideshows recalibrates behaviors and perceptions in ways that suggest 437 
recent visual experience recalibrates impressions of the sex-ratio of the local 438 
population (Griskevicius et al., 2012; Watkins et al., 2012a). Thus, the 439 
observed effect of priming sex on men’s dominance perceptions supports the 440 
proposal that dominance perceptions in men are relatively specialized and 441 
function primarily to facilitate effective direct intrasexual competition for 442 
resources (Puts, 2010).  443 
 444 
Griskevicius et al. (2012) recently reported that priming men with cues to a 445 
male-biased local population increased the extent to which they sacrificed 446 
long-term financial gains for smaller, immediate financial gains. Importantly, 447 
our results, which suggest that priming men with cues to a female-biased local 448 
population triggers changes in men’s dominance perceptions that might 449 
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function to support effective violent competition for mates, are not 450 
incompatible with Griskevicius et al’s (2012) findings; while our results appear 451 
to tap behaviors relating to direct (i.e., violent) competition for mates, 452 
Griskevicius et al’s (2012) results appear to tap behaviors relating to more 453 
indirect, non-violent competition for economic resources. Indeed, when 454 
considered together, the differences between our and Griskevicius et al’s 455 
(2012) findings complement the differences among correlational studies in 456 
which female-biased sex ratios were found to be positively correlated with 457 
violent crime rates, while male-biased sex ratios were found to be positively 458 
correlated with the intensity of indirect (i.e., non-violent) competition for 459 
access to financial resources among men (Barber, 2000, 2009, 2011).  460 
 461 
That the effect of priming sex on men’s dominance perceptions was not 462 
qualified by a higher order interaction involving priming emotion suggests that 463 
the priming effect observed for men in our experiment is not simply due to 464 
viewing images of women priming men’s sexual motivation. Although previous 465 
studies have suggested that priming men’s sexual motivation with images of 466 
women can influence their behavioral responses, these effects occur only 467 
when men are primed with images of attractive women and do not occur when 468 
men are primed with images of relatively unattractive women (e.g., Wilson & 469 
Daly, 2004). Since smiling has previously been shown to increase women’s 470 
attractiveness and to elicit approach responses from men in courtship 471 
contexts (reviewed in Gueguen, 2008), the absence of an interaction between 472 
the effects of priming sex and priming emotion on men’s dominance 473 
perceptions is difficult to explain in terms of increased sexual motivation.  474 
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 475 
Given the proposal that men’s dominance perceptions may be somewhat 476 
specialized to facilitate effective direct (i.e., violent) intrasexual competition for 477 
mates (Puts, 2010), one might have expected the effect of cues to the sex 478 
ratio of the local population on men’s dominance perceptions to occur for 479 
judgments of men’s, but not women’s, dominance. Similarly, if women’s 480 
dominance perceptions are closely related to self-protection motivations, one 481 
might have expected the priming effect for female participants to be greater 482 
for judgments of men’s than women’s faces, given sex differences in physical 483 
strength and aggression (Archer, 2009; Sell et al., 2009). Although our data 484 
show that masculinization had a greater overall effect on judgments of men’s 485 
dominance than on judgments of women’s dominance (see also Watkins et 486 
al., 2010a), suggesting that physical dominance cues may generally be more 487 
salient in men’s than women’s faces, neither the effect of priming sex that was 488 
observed for male participants nor the interaction between priming sex and 489 
priming emotion that was observed for female participants were qualified by 490 
higher order interactions involving the sex of the faces judged in the 491 
dominance perception tests. These patterns of results may have occurred 492 
because changes in perceptions of women’s dominance are a relatively low-493 
cost, functionless byproduct of perceptual processes that evolved primarily to 494 
recalibrate perceptions of men’s dominance in light of current environmental 495 
factors (i.e., there is little cost to changing dominance perceptions generally, 496 
rather than altering them for men’s faces only). Alternatively, it is possible that 497 
the role of women’s physical dominance in perceptions and behaviors related 498 
to both violent conflict and resource holding has been underestimated in 499 
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previous work. Consistent with the former proposal, facultative preferences for 500 
sexually dimorphic facial cues have been shown to occur for both own-sex 501 
and opposite-sex faces in circumstances where the change in perceptions of 502 
own-sex faces served no obvious function (e.g., Welling et al., 2007).  503 
Consistent with the latter proposal, however, Sell et al. (2009) have shown 504 
that participants can assess the physical strength and fighting ability of 505 
women from facial photographs somewhat accurately (albeit less accurately 506 
than they can make the corresponding judgments for male faces), 507 
demonstrating the existence of psychological adaptations for assessing 508 
women’s physical dominance. Our current data do not distinguish between 509 
these two possibilities. 510 
 511 
Although we used somewhat indirect methods for manipulating motivations 512 
relevant to self-protection and within-sex competition for mates, it is worth 513 
noting here that there is considerable evidence for the validity of these 514 
techniques. For example, previous studies have presented evidence that 515 
exposure to angry faces, and angry men in particular, triggers perceptual 516 
responses that might function to decrease risk of physical injury, particularly 517 
among those individuals who are least able to defend themselves physically 518 
(reviewed in Kenrick et al., 2010).  A similar pattern of results is also evident 519 
in our own data, in which women showed increased dominance sensitivity 520 
after viewing images of angry men. There is also now evidence that 521 
experimentally manipulating cues to the sex ratio of the local population 522 
during priming phases of experiments triggers behaviors that are similar to 523 
those seen in correlational studies in which naturally occurring variation in sex 524 
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ratios predicted (i.e., was correlated with) variation in human behavior; 525 
experiments show that increasing cues that mates are abundant in the local 526 
population causes men to value financial resources more (Griskevicius et al., 527 
2012) and women to become choosier in their mate preferences (Watkins et 528 
al., 2012). These patterns of results have also been observed in correlational 529 
studies in which naturally occurring variation in sex ratios was correlated with 530 
the extent to which men compete for financial resources (Barber, 2009; Del 531 
Giudice, 2012) and measures of women’s choosiness in their mate choices 532 
(Pollet & Nettle, 2008). That the current study found that increasing cues that 533 
competitors for mates are abundant in the local population causes men to be 534 
more sensitive to cues of other men’s dominance continues this theme of 535 
priming experiments and correlational studies showing similar patterns of 536 
results; correlational studies suggest that indices of violent competition for 537 
mates among men are greater in regions with more female-biased sex ratios 538 
(Barber, 2011; Del Giudice, 2012). Collectively, these results suggest that 539 
interpretations of our findings for women’s and men’s dominance perceptions 540 
that emphasize self-protection motivations and within-sex competition for 541 
mates, respectively, are justified. Indeed, while correlational studies suggest 542 
that sex ratio predicts non-violent competition for resources and violent 543 
competition for mates among men in different ways, our findings, together 544 
with those reported by Griskevicius et al. (2012) suggest that experimentally 545 
manipulating cues to the sex ratio of the local population may also have 546 
different effects on these two different types of competition among men. 547 
Exploring this possibility further may be a fruitful line of research. 548 
 549 
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We suggest that our findings are best explained by sex-specific responses to 550 
cues to probable conditions in the local population. However, recent visual 551 
experience with faces can also influence social judgments via perceptual 552 
aftereffects, whereby viewing faces that possess a specific characteristic 553 
decreases sensitivity to that characteristic in previously unseen faces 554 
(reviewed in Webster et al., 2011). However, we suggest that our findings are 555 
unlikely to reflect this type of perceptual aftereffect for three reasons. First, 556 
aftereffects induced by exposure to faces of a given sex or displaying a given 557 
emotional expression are typically equivalent in men and women (Webster et 558 
al., 2011). By contrast, our results for recent visual experience and dominance 559 
perceptions were different for male and female participants. Second, 560 
perceptual aftereffects do not generally transfer well from one sex of face to 561 
the other (e.g., Little et al., 2005) and, if they do, the size of the aftereffects is 562 
generally significantly smaller than when the faces shown in the exposure and 563 
test phases were the same sex (e.g., Jacquet & Rhodes, 2008). By contrast 564 
with this typical pattern for face aftereffects, the effect of viewing male or 565 
female faces on men’s dominance perceptions in our experiment was 566 
unaffected by the sex of the faces judged in the test phases. Third, emotion 567 
aftereffects induced by viewing male or female faces are typically similar in 568 
magnitude (e.g., Bestelmeyer et al., 2010). By contrast, our findings for 569 
women’s dominance perceptions suggest that viewing angry facial 570 
expressions in the context of male and female faces cause very different 571 
patterns of results. Together, these lines of reasoning mean that it is very 572 
difficult to explain our findings in terms of perceptual aftereffects alone. 573 
Nonetheless, we acknowledge that converging evidence for sex-specific 574 
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context-sensitivity in dominance judgments from studies using other types of 575 
priming techniques may well be needed to clarify the interpretation of our 576 
findings. 577 
 578 
Most previous work on facultative responses to facial cues has investigated 579 
the effects of environmental factors on judgments of others’ attractiveness 580 
(reviewed in, e.g., Little et al., 2011). By contrast with this emphasis on mate 581 
preferences, our findings add to a growing literature suggesting the existence 582 
of facultative perceptions of others’ dominance (e.g., Burriss & Little, 2006; 583 
Watkins & Jones, 2012). However, while these previous studies focused on 584 
men’s judgments of other men’s dominance, here we show that women’s 585 
perceptions of others’ dominance can also be influenced by contextual 586 
factors. The facultative nature of dominance perceptions, and social 587 
judgments in general, may be important given that they tie up cognitive and 588 
perceptual resources, which are finite and should be allocated judiciously 589 
(Kenrick et al., 2010). Thus, modulating social judgments, such as dominance 590 
perceptions, according to the demands of one’s own current circumstances 591 
(e.g., in light of cues that one’s own safety may be at risk or that direct 592 
competition for resources is likely to be particularly intense) may help 593 
individuals to allocate their cognitive and perceptual resources efficiently. 594 
Additionally, heightened sensitivity to dominance cues in situations where 595 
violence is uncommon and there is little direct competition for resources may 596 
be counterproductive if it, for example, reduces the pool of potential co-597 
operators and allies. 598 
 599 
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Here we show that the salience of facial cues of physical dominance is 600 
increased when women are primed with images of angry men, but not images 601 
of angry women or smiling individuals of either sex. This result suggests that 602 
activating self-protection motivations increases the salience of cues of others’ 603 
dominance, supporting the proposal that dominance perceptions primarily 604 
function to identify individuals who are able to inflict physical harm so that the 605 
perceiver can respond in ways that maximize their own safety (Oosterhoff & 606 
Todorov, 2008), in women at least. We also show that the salience of facial 607 
cues of physical dominance is greater when men are primed with images of 608 
women than when they are primed with images of men, regardless of the 609 
emotional expressions displayed on these priming images. This result 610 
suggests that cues to the sex ratio of the local population biases men’s 611 
dominance perceptions, supporting the proposal that dominance perceptions 612 
in men are relatively specialized for effective direct intrasexual competition for 613 
resources (Puts, 2010). Together, these sex-specific priming effects provide 614 
new insights into the routes through which physical violence and intrasexual 615 
competition for resources may have shaped the visuo-cognitive processes 616 
that support social interactions by revealing a sex difference in the effects of 617 
cues to the local environment on perceptions of others’ dominance. While 618 
men’s dominance perceptions appear to be primarily sensitive to factors 619 
relating to direct intrasexual competition, women’s dominance perceptions 620 
appear to function primarily to protect themselves from physical harm more 621 
generally. 622 
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Table 1. Mean proportion of trials (+/- SEM) for each combination of 777 
participant sex (male, female), sex of face judged (male, female), test phase 778 
(pre-priming, post-priming), priming emotion (angry, smiling), and priming sex 779 
(male, female). 780 
 781 
participant 
sex 
priming 
condition 
pre-priming 
and male 
faces 
pre-priming 
and female 
faces 
post-
priming and 
male faces 
post-
priming and 
female faces 
male angry men .86 (.03) .58 (.06) .79 (.04) .56 (.07) 
male angry women .87 (.04) .52 (.07) .85 (.04) .60 (.07) 
male smiling men .87 (.03) .56 (.07) .80 (.04) .57 (.07) 
male smiling 
women 
.86 (.03) .63 (.06) .88 (.03) .62 (.07) 
female angry men .88 (.03) .55 (.07) .94 (.02) .59 (.08) 
female angry women .84 (.04) .58 (.07) .81 (.05) .50 (.08) 
female smiling men .87 (.05) .58 (.07) .88 (.04) .56 (.08) 
female smiling 
women 
.84 (.05) .55 (.07) .84 (.05) .58 (.08) 
 782 
 783 
784 
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Figure 1. 785 
 786 
 787 
Figure 1. Examples of face stimuli used to assess dominance perceptions. 788 
Masculinized versions of face images are shown in the left column and 789 
feminized versions in the right column. 790 
791 
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Figure 2. 792 
 793 
 794 
Figure 2. The significant three-way interaction among test phase, priming 795 
emotion, and priming sex that was observed for female participants. Women 796 
who were primed with angry male images, but not women primed with angry 797 
female images or smiling images of either sex, significantly increased the 798 
proportion of masculinized faces chosen as more dominant between the pre-799 
priming and post-priming tests (p values indicate the results of paired samples 800 
t-tests). 801 
802 
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Figure 3. 803 
 804 
 805 
 806 
Figure 3. The significant two-way interaction between test phase and priming 807 
sex that was observed for male participants. Men who were primed with male 808 
images tended to decrease the proportion of masculinized faces they chose 809 
as more dominant between the pre-priming and post-priming phases (p=.10) 810 
and men who were primed with female images tended to increase the 811 
proportion of masculinized faces they chose as more dominant between the 812 
pre-priming and post-priming phases (p=.13). 813 
 814 
